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(54) Measuring pump flow rata 



(57) A method of measuring the flow rate of a pump comprises: 

a) collating data concerning the power consumption of the pump and the flow rates obtained under 
initial or optimal conditions, 

b) obtaining information as to the actual power consumption of the pump, and 

c) comparing said Information with the collated data (and carrying out any necessary calculations) to 
obtain a flow rate measurement. 

The method may be used to obtain individual flow rates of a number of pumps operated in parallel, or 
combined with pump head measurements to obtain an indication of pump performance. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal coov. 
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PUMPS 

Field of the Invention 

This invention relates to pumps, for example, pumps used for 
pumping water and sewage and pumps used in a pumping station 
for pumping water out of an underground supply. The invention also 
relates to the measurement of flow through a pump. 

Background to the Invention 

.1 

Infonnatlon is often required conceming the flow rate of the 
fluid being pumped and many types of flow meters have accordingly 
been developed. 

There are, however, situations in which It can be either very 
difficult or very expensive to measure flow rates. For example, there 
is at present no satisfactory way of obtaining accurate 
measurements for the flow rates obtained during operation of 
sewage pumps and activated sludge pumps. The principal reason 
for this is that many pumping installations are such that the 
pipework configuration is not conducive to accurate measurements 
by the traditional methods, for example, using magnetic and 
ultrasonic flow meters. 

There are also situations In which one or more pumps are 
arranged to operate in parallel and, although the combined flow rate 



is determined (since this is the parameter for which precise control 
is required), the individual flow rates attributable to the separate 
pumps are not measured. 

It is accordingly an object of a first aspect of the present 
invention to provide an improved method for measuring the flow 
rate obtained during operation of a pump. 

In use. a pump will be subject to wear and, as the degree of 
wear increases, the efficiency of the pump is reduced and the cost 
of operation of the pump to obtain a predetermined output is 
increased. Pump refurbishment is, however, expensive and the 
operators, for example, water companies, do not wish to carry out 
refurbishment unless and until they are satisfied that refurbishment 
will actually produce a cost saving. 

It is accordingly an object of a second aspect of the present 
invention to provide an improved method of determining the 
performance of a pump. 

Summary of the invention 

According to a first aspect of the present invention there is 
provided a method of measuring the flow rate obtained during 
operation of a pump, which method comprises:- 



a) collating data concerning the power consumption of the 
pump and the flow rates obtained under initial or optimal 
conditions, 

b) obtaining information as to the actual power consumption 
of the pump during operation thereof, and 

c) comparing said Information with the collated data (and 
canving out any necessary calculations) to obtain a flow 
rate measurement. 

Where a plurality of pumps are arranged to operate In parallel 
so as to obtain a combined flow rate, the combined flow rate may 
be measured using a flow meter and the flow rates attributable to 
the Individual pumps may be measured by detennining the power 
consumptions of the individual pumps and carrying out the 
appropriate computations. 

The data concerning the power consumption of the pump and 
the flow rates obtained under initial or optimal conditions may be 
the data supplied by the pump manufacturer on initial installation of 
the pump, or it may be data derived from initial trials cam'ed out on 
site. 

The relationship between the power consumption of the pump 
and the flow rates obtained during initial or optimal conditions may 
be one of three curves supplied by the pump manufacturer to the 
user of the pump, the other two curves showing the relationship 



between the pump head and the pump flow rate and the 
relationship between the pump efficiency and the pump flow rate. 

In the case of pumps which have complex power/flow curves, 
i.e. high speciflc speed pumps, the method may be enhanced by 
cross-referencing the head/flow curve to the power/flow curve. 

Thus, ifQi = f Pi, 
andQi=fHi, 
where Q = flow. P = power and H = head, 

then Q can be deflned either as a function of P, or as a function of 
H. or as the average of a function of P and a function of H. 

The algorithm used in the calculation of flow may accordingly 
be selected to use the most sensitive method. For example if 
dP/dQ > dH/dQ. then the function Q = fP is used. On the other 
hand, if dP/dQ < dH/dQ, then the function Q = fH is used. In 
addition, if dP/dQ is approximately equal to dH/dQ, then the 
function Q = (fP + fH)/2 is used. 

According to a second aspect of the present invention, there 
is provided a method of determining pump performance, which 
comprises the following steps:- 

a) measuring the flow rate of the pump by the method deflned 
above, 



b) measuring the pump head, 
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c) collating data concerning the pump head and the flow rates 
obtained under initial or optimal conditions, and 

d) comparing the results of said measurements with the 
collated data (and canying out any necessary calculations) 
to obtain an indication of pump performance. 

Pressure transducers are preferably provided at the pump 
inlet and outlet to determine the pump head. i.e. the difference 
between the pressure at the pump outlet and the pressure at the 
pump inlet plus any velocity head difference between the suction 
pressure point and the discharge pressure point and any static 
head difference between the two measuring points. 

The information obtained may be expressed in terms of pump 
efficiency expressed as a percentage of the present pump 
efficiency in relation to the initial pump efficiency. 

With Infomiation as to the pump efficiency expressed in this 
form, further calculations can be carried out to obtain a more 
accurate determination of the pump flow rate as compared to the 
actual power consumption. 

The information concerning pump efficiency can also be used 
to carry out an assessment of the need for pump refurbishment. 



Brief Description of the Drawings 



Figure 1 shows a number of operational curves for a typical 
worn pump, and 

Figure 2 is a diagrammatic illustration of a system including 
four pumps for pumping water from an underground source to a 
reservoir. 

Description of the Preferred Embodiment 

Six curves are shown in Figure 1 , as follows:- 

a) curve 10 shows the relationship between pump head and 
pump flow rate for a new pump, i.e. in accordance with the 
data supplied by the pump manufacturer or as a result of 
readings taken on installation of a new pump, 

b) curve 1 1 shows the relationship between pump head and 
pump flow rate after the pump has been in use for a 
significant length of time and its condition is such that 
pump refurbishment should be considered, 

c) curve 1 2 shows the relationship between the power 
supplied to the motor driving the pump and pump flow rate 
for a new pump, 
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d) curve 1 3 shows the relationship between the power supply 
to the motor and pump flow rate for the worn pump 
mentioned above, 

e) curve 14 shows the relationship between the pump 
efficiency and pump flow rate for a new pump, and 

f) curve 15 shows the relationship between the pump 
efficiency and the pump flow rate for the wom pump 
mentioned above. 

When a pump is supplied to. for example, a water treatment 
worlds or a waste water works, the manufacturer will supply the 
pump user with information containing curves 10, 12 and 14 so as 
to assist the user in operating the pump at maximum efficiency. 
When, however, the pump is in use and wear has taken place to an 
extent such that pump refurbishment is due, the relationship 
between efficiency and pump flow rate will have changed from 
curve 14 to curve 15. 

There are a large number of flow meters cun-ently available 
for measuring many different types of fluid flow. There are, 
however, as explained above, none that can cun-ently be used for 
measuring the flow rates achieved by activated sludge pumps used 
for pumping raw activated sludge. 

The pump operator can. however, be made aware of the 
power (or can himself measure the power) which is being 
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consumed by the motor which is driving the sludge pump. Once 
information of power consumption is obtained, curve 12 will enable 
the pump operator to obtain an initial approximate indication of the 
pump flow rate. As a result of wear of the pump, the relationship 
between the pump power consumption and the fluid flow rate will be 
represented more accurately by curve 13 and additional 
calculations will accordingly preferably be earned out to obtain a 
more accurate indication of the flow rate. Such additional 
calculations may, as described above, include the use of the 
relationship between the pump head and the flow rate. 

Turning next to Figure 2, tiiis shows schematically an 
arrangement in which four pumps P1, P2, P3 and P4 are driven by 
respective motors M1, M2, MS and M4 to pump water from, for 
example, a borehole or an underground well, into a main supply 
pipe 20 for delivery of the water Into, for example, a reservoir. The 
main supply pipe 20 contains a flow meter FM and the system 
operator is thus aware of the sum of tiie flow rates achieved by ttie 
pumps and he may control the number of pumps operating at any 
one time to achieve the required rate of supply. 

In the absence of flow meters in the lines 21, 22, 23 and 24 
leading from the pumps P1 , P2, P3 and P4 to the main supply pipe 
20, the system operator will not be aware of the contribution to the 
total flow afforded by each pump and, if the overall requirements for 
the supply of water are such that at least two pumps are always 
operating at any one time, there will be no ready means for 



calculating the efficiendes of the Individual pumps and thereby 
achieving the most economical method of operation. 

When, however, information concerning the pump power 
consumptions is obtained and curve 12 for each of the pumps is 
used, this will give an approximate indication of the flow rate 
contribution for each pump. 

In addition, however, pressure transducers (not shown) are 
provided at the inlets and the outlets of each of the pumps, thus 
enabling the pressure head for each pump to be measured. The 
Information thereby obtained concerning pump heads and flow 
rates can then be used to produce curves corresponding to curve 
1 1 The degree of difference between such curves and the original 
curves 10 for each of the pumps will enable further calculations to 
be carried out so as to obtain more accurate figures for the actual 
flow rates for the individual pumps and also to generate curves 
corresponding to curves 16 showing the extent by which the 
performance or efficiency of each pump has been reduced as a 
result of wear. 

The data which is obtained by the method described above 
not only enables the system operator to identify the flow rate 
contributions of the individual pumps but also provides a simple and 
cost-effective way of monitoring pump performance. This then 
enables pump maintenance and refurbishment programmes to be 
carried out In the most effective manner. 
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It will thus be possible to carry out an on-going monitoring 
programme from the data obtained by determining the inlet and 
outlet pressures of the Individual pumps and the power 
consumptions of the pumps, and canying out computations using 
such data. 
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Claims:- 

1. A method of measuring the flow rate obtained during 
operation of a pump, which method comprises:- 

a) collating data conceming the power consumption of the 
pump and the flow rates obtained under initial or optimal 
conditions, 

b) obtaining information as to the actual power consumption 
of the pump during operation thereof, and 

0) comparing said information with the collated data (and 
carrying out any necessary calculations) to obtain a flow 
rate measurement. 

2. A method as claimed In Claim 1, in which the data 
concerning the power consumption of the pump and the flow rates 
obtained under initial or optimal conditions Is the data supplied by 
the pump manufacturer on initial installation of the pump. 

3. A method as claimed in Claim 2, in which the relationship 
between the power consumption of the pump and the flow rates 
obtained during initial or optimal conditions is one of three curves 
supplied by the pump manufacturer to the user of the pump, the 
other two curves showing the relationship between the pump head 
and the pump flow rate and the relationship between the pump 
efficiency and the pump flow rate. 

4. A method as claimed in Claim 3, in which, in the case of 
pumps which have complex power/flow curves, the method is 
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enhanced by cross-referencing the head/flow curve to the 
power/flow curve. 

5. A method as claimed in Claim 1, substantially as 
hereinbefore described with reference to Figure 1 of the drawings. 

6. A method as claimed in Claim 1, in which, where a plurality 
of pumps are arranged to operate In parallel so as to obtain a 
combined flow rate, the combined flow rate is measured using a 
flow meter and the flow rates attributable to the individual pumps 
are measured by determining the power consumptions of the 
individual pumps and carrying out the appropriate computations. 

7. A method as claimed In Claim 6. substantially as 
hereinbefore described with reference to Figure 2 of the drawings. 

8. A method of determining pump performance, which 
comprises the following steps:- 

a) measuring the flow rate of the pump by the method 
claimed in Claim 1 , 

b) measuring the pump head, 

c) collating data conceming the pump head and the flow rates 
obtained under initial or optimal conditions, and 

d) comparing the results of said measurements with the 
collated Sata (and carrying out any necessary calculations) 
to obtain an indication of pump perfomiance. 
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9. A method as claimed in Claim 8, in which pressure 
transducers are provided at the pump inlet and outlet to determine 
the pump head. 

10. A method as claimed in Claim 8, substantially as 
hereinbefore described with reference to the drawings. 
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